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Human chromosome specific probes for 
the analysis of genetic and neoplastic disease 
D.C. Ward, P. L i c h t e r , Τ. Cremer, J. Borden and L. M a n u e l i d i s 
Department o f Human Genetics and S e c t i o n o f Neuropathology, Yale 
U n i v e r s i t y School o f Me d i c i n e , New Haven, CT 06510 
A b s t r a c t - A method o f i n s i t u h y b r i d i z a t i o n f o r v i s u a l i z i n g i n d i v i d u a l 
human chromosomes from p t e r t o q t e r has been developed and a p p l i e d t o 
the d e t e c t i o n o f s t r u c t u r a l a b e r r a t i o n s i n both metaphase and i n t e r p h a s e 
c e l l s . Numerical changes, d e l e t i o n s and chromosomal t r a n s l o c a t i o n s were 
r a p i d l y d e l i n e a t e d i n o l i g o d e n d r o g l i o m a and g l i o b l a s t o m a c e l l l i n e s 
which possess very complex and h i g h l y a n e u p l o i d k a r y o t y p e s . A t r i s o m i c 
chromosome 21 k a r y o t y p e , d i a g n o s t i c o f Down syndrome, was a l s o r e a d i l y 
d e t e c t e d u s i n g e i t h e r a complete pool o f i n s e r t DNA from a chromosome 21 
recombinant DNA l i b r a r y o r plasmid clones c o n t a i n i n g up t o 94 k i l o b a s e s 
o f s i n g l e copy DNA from band q22.3 o f chromosome 21. Such i n s i t u 
h y b r i d i z a t i o n s t r a t e g i e s p r o v i d e new approaches f o r t h e p r e n a t a l 
d i a g n o s i s o f g e n e t i c diseases and t h e d e f i n i t i o n o f abnormal chromosomes 
i n tumor c e l l p o p u l a t i o n s . 
INTRODUCTION 
Chromosome banding techniques have f a c i l i t a t e d t h e i d e n t i f i c a t i o n o f s p e c i f i c human chromo­
somes and p r e s e n t l y p r o v i d e t h e major b a s i s upon which chromosomal a b e r r a t i o n s are 
diagnosed. The i n t e r p r e t a t i o n o f chromosome banding p a t t e r n s , however, r e q u i r e s s k i l l e d 
personnel and i s o f t e n t e c h n i c a l l y d i f f i c u l t , e s p e c i a l l y w i t h r e s p e c t t o d e t e c t i n g minor 
s t r u c t u r a l changes and when a n a l y z i n g complex k a r y o t y p e s , such as those o f h i g h l y aneuploid 
tumor c e l l s ( r e f . 1 ) . An a d d i t i o n a l c o m p l e x i t y i s t h a t readable metaphase chromosome 
spreads are sometimes very d i f f i c u l t or i m p o s s i b l e t o prepare from c e r t a i n c e l l types or 
t i s s u e s . A l t e r n a t i v e methods f o r i d e n t i f y i n g chromosomal a b e r r a t i o n s could augment c u r r e n t 
c y t o g e n e t i c a n alyses, p a r t i c u l a r l y i f a p p l i c a b l e t o both m i t o t i c and i n t e r p h a s e c e l l popu-
1 a t i o n s . 
Over t he past few years a c o n s i d e r a b l e body o f evidence has been o b t a i n e d which i n d i c a t e s 
t h a t the DNA of i n d i v i d u a l chromosomes occupies f o c a l t e r r i t o r i e s , or s p a t i a l l y cohesive 
domains, w i t h i n mammalian i n t e r p h a s e n u c l e i ( r e f s . 2 - 6 ) . These o b s e r v a t i o n s i n d i c a t e t h a t 
chromosome-specific probe sets c o u l d be used t o d e t e c t numerical o r s t r u c t u r a l a b e r r a t i o n s 
o f chromosomal domains i n n o n - m i t o t i c c e l l s . Indeed, r e c e n t im s i t u h y b r i d i z a t i o n s t u d i e s 
have demonstrated t h e p r e n a t a l d i a g n o s i s o f tr i s o m y - 1 8 w i t h i n t e r p h a s e c e l l s ( r e f . 7) using 
chromosome-specific r e p e t i t i v e DNAs as probes. Since a l l chromosome-specific r e p e t i t i v e 
DNAs r e p o r t e d t o date are l o c a l i z e d t o d i s c r e t e subregions o f each chromosome, t h i s c l a s s 
o f DNA probes would be u n s u i t a b l e f o r analyses o f many types o f chromosomal a b e r r a t i o n s , 
e.g., t r a n s l o c a t i o n s and d e l e t i o n s . However, t h e a b i l i t y t o d e t e c t u n i q u e l y the e n t i r e 
spectrum o f sequences c o m p r i s i n g a s p e c i f i c chromosome c o u l d make these analyses p o s s i b l e . 
Such a method i s d e s c r i b e d below. 
DECORATION OF INDIVIDUAL HUMAN CHROMOSOMES 
DNA i n s e r t s from genomic DNA l i b r a r i e s d e r i v e d from f l o w s o r t e d human chromosomes 
(c o m m e r c i a l l y a v a i l a b l e from t h e American Type C u l t u r e C o l l e c t i o n ) were p u r i f i e d and 
l a b e l e d w i t h b i o t i n by n i c k t r a n s l a t i o n . T h i s pool o f DNA fragments was preannealed w i t h a 
t i t r a t e d amount o f t o t a l human genomic DNA f o r a s h o r t time p r i o r t o h y b r i d i z a t i o n w i t h 
c e l l u l a r or chromosomal p r e p a r a t i o n s t o suppress t h e c r o s s - h y b r i d i z a t i o n o f r e p e t i t i v e 
sequences t o non-t a r g e t e d chromosomes. T h i s method i s r e f e r r e d t o as "chromosomal i n s i t u 
suppression (CISS)" h y b r i d i z a t i o n . Optimized standard c o n d i t i o n s f o r t h e p r e a n n e a l i n g step 
were: 5-30 pg/ml o f l a b e l e d probe DNA and 100-200 pg/ml o f human c o m p e t i t o r DNA combined 
w i t h salmon DNA such t h a t t h e t o t a l DNA c o n c e n t r a t i o n was 1.0 mg/ml. The DNA m i x t u r e , i n a 
con v e n t i o n a l 50% formamide h y b r i d i z a t i o n c o c k t a i l , was denatured and p a r t i a l l y preannealed 
a t 37°C f o r 10-20 minutes b e f o r e a d d i t i o n t o t h e specimen. H y b r i d i z a t i o n was then allowed 
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F i g . 1 A-F. D e c o r a t i o n o f (A) chromosome 1 , (B) chromosome 7, (C) 
chromosome 4, (D) chromosome 18, (E) chromosome 13, (F) chromosome 20 i n 
normal human lymphocytes. Only t h e chromosome 13 i n s e r t DNA pool shows 
s i g n i f i c a n t c r o s s - h y b r i d i z a t i o n t o o t h e r chromosomes a f t e r t h e p r e -
h y b r i d i z a t i o n suppression s t e p . D e t e c t i o n was w i t h f l u o r e s c e i n i s o t h i o -
cyanate-conjugated a v i d i n (A-E) or w i t h a v i d i n - a l k a l i n e phosphatase 
using n i t r o b l u e t e t r a z o l i u m / 5 - b r o m o - 4 - c h l o r o - 3 - i n d o l y l phosphate as t h e 
enzyme s u b s t r a t e m i x t u r e ( F ) . The s i g n a l o f chromosome 1 (A) was 
a m p l i f i e d by t h e sandwich t e c h n i q u e o f P i n k e l e t a l . ( r e f . 6) 
t o proceed f o r 8-14 hours. F o l l o w i n g p o s t - h y b r i d i z a t i o n washes, t h e s i t e s o f h y b r i d i z a t i o n 
were d e t e c t e d u s i n g f l u o r e s c e n t o r enzyme l a b e l e d a v i d i n . DNA from recombinant l i b r a r i e s 
f o r chromosomes 1,4,7,8,9,12,13,14,16,17,18,20,21,22 and X were assessed f o r t h e i r a b i l i t y 
t o decorate s p e c i f i c a l l y t h e i r cognate chromosome and most l i b r a r i e s proved t o be h i g h l y 
s p e c i f i c . R e p r e s e n t a t i v e examples of such in_ s i t u h y b r i d i z a t i o n r e s u l t s are shown i n 
Figure 1 . Note t h a t some l i b r a r y DNA pools gave h i g h l y s p e c i f i c l a b e l i n g o f t h e i r cognate 
chromosomes ( e . g . , panel 1 Β and C) w h i l e o t h e r s ( e . g . , panel I E ) showed v a r i o u s e x t e n t s o f 
non - s u p p r e s s i b l e c r o s s - h y b r i d i z a t i o n . Table 1 l i s t s t h e t e s t e d l i b r a r i e s w i t h scores 
a c c o r d i n g t o t h e i r l a b e l i n g s p e c i f i c i t y . A l l scores are p o s i t i v e because t h e chromosome o f 
i n t e r e s t was always dec o r a t e d . The h i g h e s t score (4+) i s used when no s i g n i f i c a n t c r o s s -
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TABLE 1. R e l a t i v e q u a l i t y o f s p e c i f i c chromosome l a b e l i n g i n s i t u u s i n g 
preannealed b i o t i n y l a t e d l i b r a r y DNA 
Chromosome No. L i b r a r y Used R e l a t i v e S p e c i f i c i t y o f 
(ATTC D e s i g n a t i o n ) I n S i t u H y b r i d i z a t i o n 
S i g n a l 3 
1 LA01NS01 3+ 
4 LL04NS01 4+ 
7 LA07NS01 4+ 
8 LL08NS02 4+ 
9 LL09NS01 3+ ( - h ) b 
12 LA12NS01 4+ 
13 LA13NS03 1+ 
14 LL14NS01 2+ 
16 LA16NL02 4+ 
17 LL17NS02 4+ 
18 LL18NS01 4+ 
20 LL20NS01 4+ 
21 LL21NS02 3+ 
22 LA22NS03 3+ C 
X LA0XNL01 4+ 
X LA0XNS01 4+ 
aSee t e x t f o r score d e f i n i t i o n ; ( - h ) : u s i n g t h i s l i b r a r y as probe, t h e 
ce n t r o m e r i c h e t e r o c h r o m a t i n r e g i o n o f chromosome 9 was not l a b e l e d ; 
under st a n d a r d p r e a n n e a l i n g c o n d i t i o n s t h e chromosome 22 l i b r a r y gave a 
score o f 1+; a va^ue o f 3+ was achieved o n l y w i t h a human c o m p e t i t o r DNA 
c o n c e n t r a t i o n o f - 700 pg/ml ( t o t a l DNA c o n c e n t r a t i o n 1.0 mg/ml). 
h y b r i d i z a t i o n t o o t h e r chromosomes was observed and th e scores decrease (3+ t o 1+) w i t h an 
i n c r e a s i n g amount o f c r o s s - h y b r i d i z i n g sequences. A l l attempts t o reduce t h e a d d i t i o n a l 
s i g n a l s on o t h e r chromosomes by v a r y i n g e x p e r i m e n t a l c o n d i t i o n s f a i l e d except i n 
experiments w i t h chromosome 22; i n t h i s case h i g h e r c o n c e n t r a t i o n s o f human c o m p e t i t o r DNA 
(700 pg/ml) r e s u l t e d i n a s i g n i f i c a n t improvement o f s i g n a l s p e c i f i c i t y . A d d i t i o n a l 
d e t a i l s o f t h e CISS h y b r i d i z a t i o n p r o t o c o l are d e s c r i b e d by L i c h t e r e t a l . ( r e f . 8 ) . 
DETECTION OF HUMAN CHROMOSOME ABERRATIONS 
Various combinations o f cloned DNA fragments from human chromosome 2 1 , p r e v i o u s l y l o c a l i z e d 
t o t he 21q22.3 band, were t e s t e d f o r t h e i r a b i l i t y t o s p e c i f i c a l l y l a b e l the cognate 
chromosomal r e g i o n i n lymphocyte metaphase spreads and i n t e r p h a s e n u c l e i a f t e r i_n s i t u 
h y b r i d i z a t i o n . The maximal amount o f unique-sequence DNA i n the probe s e t was ^  94 kb; 
t h i s probe s e t , l a b e l e d w i t h b i o t i n , r e s u l t e d i n a c l e a r l y v i s i b l e l a b e l i n g o f the t e r m i n a l 
r e g i o n o f both chromatids o f the chromosome 21 homologs i n normal d i p l o i d metaphase spreads 
or i n t e r p h a s e n u c l e i ( d a t a not shown). These s i g n a l s were seen unambiguously and w i t h o u t 
e x c e p t i o n i n a l l metaphase spreads, even i n spreads o f poor q u a l i t y or from prophase c e l l s 
( n o t shown). I n normal i n t e r p h a s e c e l l s , t he m a j o r i t y (65-75%) o f n u c l e i e x h i b i t e d two 
s i g n a l s , 25-30% showed one s i g n a l , and l e s s than 5% showed no s i g n a l ( f o r d i s c u s s i o n o f 
s i g n a l d i s t r i b u t i o n i n i n t e r p h a s e n u c l e i , see r e f s . 8 and 9 ) . N u c l e i w i t h t h r e e s i g n a l s 
were found o n l y r a r e l y (< 0.2%) and may r e f l e c t incomplete h y b r i d i z a t i o n t o a few t e t r a -
p l o i d c e l l s i n the sample. The 94 kb pool o f 21q22.3 DNA p e r m i t t e d a f a s t and unambiguous 
d i a g n o s i s o f t r i s o m y 21 i n a l l metaphase spreads from Down syndrome lymphocyte c u l t u r e s 
(see F i g . 2A) as w e l l as i n i n t e r p h a s e n u c l e i ( F i g . 2 C and D). Furthermore, the 
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F i g . 2. S p e c i f i c l a b e l i n g o f human chromosomes and chromosomal sub-
re g i o n s by i n s i t u h y b r i d i z a t i o n . S i g n a l s on t r i s o m y 21 (47, +21) 
lymphocyte metaphase spreads (A) a f t e r h y b r i d i z a t i o n w i t h t h e 94 kb 
probe set s p e c i f i c a l l y l a b e l i n g 21q22.3 and (B) a f t e r h y b r i d i z a t i o n w i t h 
chromosome 21 l i b r a r y DNA i n s e r t s u s i n g t h e CISS h y b r i d i z a t i o n ( r e f . 8) 
p r o t o c o l . Three chromosomes 21 are e n t i r e l y d e l i n e a t e d by the l i b r a r y 
i n s e r t s ; a d d i t i o n a l minor s i g n a l s (see t e x t ) are i n d i c a t e d by small 
arrowheads ( a l s o i n E). (C-F) L a b e l i n g o f t r i s o m y 21 lymphocyte n u c l e i 
by t h e 94 kb probe s e t (C and D) and the l i b r a r y i n s e r t s (E and F ) . 
(G-J) Double h y b r i d i z a t i o n o f chromosome 7 l i b r a r y DNA i n s e r t s and a 
chromosome 7 s p e c i f i c a l p h o i d r e p e a t t o t h e glioma c e l l l i n e TC593. (G) 
Chromosome 7 i n s e r t s d e t e c t f i v e e n t i r e l y decorated metaphase chromo-
somes. Four o f them are complete chromosomes 7, t h e f i f t h i s an i s o ( 7 p ) 
(see a r r o w ) . (H) The same f i e l d as G showing the chromosome 7 a l p h o i d 
s i g n a l s on o n l y f o u r d ecorated chromosomes; no s i g n a l i s d e t e c t e d on the 
i s o ( 7 p ) . ( I ) I n t e r p h a s e nucleus o f a TC593 c e l l showing f i v e domains 
d e l i n e a t e d by chromosome 7 i n s e r t s ( t h e arrow r e p r e s e n t s t he i s o ( 7 p ) 
marker i n i n t e r p h a s e ) . Four o f these are l a b e l e d by 7 a l p h o i d probes 
( J ) . (K and L) Summary chromosome i d i o g r a m o f complete and a b e r r a n t 
chromosomes d e t e c t e d by C I S S - h y b r i d i z a t i o n o f chromosome l i b r a r y i n s e r t s 
7 (K) and 18 ( L ) i n TC593. G-bands ( b l a c k ) w i t h b r e a k p o i n t s suggested 
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by d a t a ; grey r e g i o n s are from o t h e r chromosomes t h a t c o n s t i t u t e p a r t o f 
the marker t r a n s l o c a t i o n chromosomes. A small t r a n s l o c a t i o n o f 
chromosome 18 m a t e r i a l i n ^  20% o f TC593 metaphase spreads ( + ) c o u l d n o t 
be f u r t h e r i d e n t i f i e d . (M and N) TC593 h y b r i d i z e d t o chromosome 18 
i n s e r t s . Four decorated 18 chromosomes are shown (M) and t h r e e o f them 
(DAPI s t a i n i n N) c l e a r l y t r a n s l o c a t e d (denoted by t ) . A l l probes ( w i t h 
one e x c e p t i o n ) were b i o t i n y l a t e d and d e t e c t e d a f t e r h y b r i d i z a t i o n by 
FITC-conjugated a v i d i n . The chromosome 7 a l p h o i d r e p e a t probe (H and J ) 
was AAF m o d i f i e d and a f t e r h y b r i d i z a t i o n d e t e c t e d v i a i n d i r e c t 
immunofluorescence w i t h rhodamine-conjugated a n t i b o d i e s . 
q u a n t i t a t i v e d i s t r i b u t i o n o f h y b r i d i z a t i o n s i g n a l s i n i n t e r p h a s e n u c l e i o f t h e same pr e -
p a r a t i o n , analyzed as d e s c r i b e d above, showed 55-65% o f c e l l s w i t h t h r e e s i g n a l s , 25-35% 
w i t h two s i g n a l s , 5-15% w i t h one s i g n a l , and < 5% w i t h no s i g n a l . S i m i l a r r e s u l t s , both 
q u a l i t a t i v e and q u a n t i t a t i v e , were o b t a i n e d when t h e chromosome 21 l i b r a r y was used w i t h 
CISS h y b r i d i z a t i o n f o r the d e t e c t i o n o f chromosome 21 a b n o r m a l i t i e s . Chromosome 21 was 
s p e c i f i c a l l y and e n t i r e l y decorated i n normal lymphocyte metaphase spreads, a l t h o u g h some 
a d d i t i o n a l minor b i n d i n g s i t e s were seen a t or near t h e c e n t r o m e r i c r e g i o n o f o t h e r 
a c r o c e n t r i c chromosomes, e s p e c i a l l y chromosome 13. Examples o f the r e s u l t s o b t a i n e d on 
t r i s o m i c metaphase spreads and i n t e r p h a s e n u c l e i are shown i n F i g . 2B and F i g . 2 E-F, 
r e s p e c t i v e l y . Arrowheads i n these panels denote t h e n o n - s p e c i f i c b i n d i n g s i t e s . The pool 
o f unique DNA sequences from 21q22.3 was s u p e r i o r f o r i n t e r p h a s e d i a g n o s i s s i n c e t h e r e are 
no a d d i t i o n a l s i g n a l s and the s i g n a l s are more f o c a l w i t h a b e t t e r s p a t i a l r e s o l u t i o n . 
A d d i t i o n a l d e t a i l s on t h e a p p l i c a t i o n o f these probes t o the d i a g n o s i s o f Down syndrome, 
i n c l u d i n g t he d e t e c t i o n o f t r a n s l o c a t i o n s i n v o l v i n g chromosome 21q t e r m i n a l sequences, are 
d e s c r i b e d by L i c h t e r e t a l . ( r e f . 9 ) . 
Genetic changes are c e n t r a l t o t h e i n i t i a t i o n and p r o g r e s s i o n o f n e o p l a s i a s . Some changes, 
such as p o i n t and i n s e r t i o n a l m u t a t i o n s , are submicroscopic. Other changes are q u i t e 
l a r g e , and can be d e t e c t e d g r o s s l y i n chromosome analyses. Non-random chromosomal changes, 
e s p e c i a l l y i n h e m a t o p o i e t i c m a l i g n a n c i e s , have been w e l l e s t a b l i s h e d i n r e c e n t y e a r s , and 
o f t e n m i r r o r events a t t h e m o l e c u l a r l e v e l . Such non-random changes may occur a t an e a r l y 
stage i n t u m o r i g e n e s i s and can be c h a r a c t e r i s t i c o r even unique f o r s p e c i f i c tumor t y p e s . 
We have a l s o demonstrated t h a t i t i s p o s s i b l e t o r a p i d l y screen both m i t o t i c and i n t e r p h a s e 
tumor c e l l s f o r complex numerical and s t r u c t u r a l a b e r r a t i o n s o f i n d i v i d u a l chromosomes 
d u r i n g an a n a l y s i s o f o l i g o d e n d r o g l i o m a and g l i o b l a s t o m a c e l l l i n e s u s i n g s e v e r a l 
chromosome l i b r a r i e s under CISS h y b r i d i z a t i o n c o n d i t i o n s . D e s p i t e t he f a c t t h a t these 
l i n e s were propagated i n long term c u l t u r e , t hey d i s p l a y e d s e v e r a l c y t o g e n e t i c f e a t u r e s 
common t o many glioma c e l l s . Two examples from t h i s s t u d y , u s i n g chromosome 7 and 18 
l i b r a r y probes and the glioma c e l l l i n e TC593, are shown i n F i g . 2, panels G-N. Four 
a p p a r e n t l y normal chromosomes 7 and one s m a l l e r m e t a c e n t r i c chromosome w i t h 7 sequences 
(see arrow) are d e t e c t e d i n metaphase (panel G) and i n t e r p h a s e (panel I ) c e l l s . The 
comparison w i t h t he s i m u l t a n e o u s l y l a b e l e d chromosome 7 a l p h o i d r e p e a t DNA i n both 
metaphase (panel H) and i n t e r p h a s e (panel J ) , demonstrates t h e l a c k o f t h e a l p h o i d 
sequences i n the small decorated chromosome. The l a t t e r chromosome was i d e n t i f i e d as 
i s o ( 7 p ) by DAPI s t a i n i n g ( n o t shown). A more complex p i c t u r e i s seen w i t h chromosome 18 
DNA. Three t r a n s l o c a t i o n chromosomes i n v o l v i n g chromosome 18 m a t e r i a l were t y p i c a l l y 
d e t e c t e d i n a d d i t i o n t o an a p p a r e n t l y normal chromosome 18 (compare f i g . 2M and N). I n a 
minor p r o p o r t i o n o f metaphases t h e r e was a small a d d i t i o n a l t r a n s l o c a t i o n observed ( n o t 
shown). The exact chromosomal r e g i o n from which t h i s t r a n s l o c a t e d 18 m a t e r i a l d e r i v e d 
c o u l d not be r e s o l v e d by DAPI s t a i n i n g . The chromosomal r e p r e s e n t a t i o n o f chromosome 7 and 
18 i n the TC593 c e l l l i n e i s s c h e m a t i c a l l y shown i n F i g . IK and L, r e s p e c t i v e l y . These 
data show t h a t numerical as w e l l as s t r u c t u r a l chromosomal a b e r r a t i o n s can be r a p i d l y 
d e t e c t e d by the CISS h y b r i d i z a t i o n procedure. 
D i g i t i z e d images were used t o q u a n t i t a t i v e l y measure decorated areas i n metaphase prepara-
t i o n and i n t e r p h a s e c e l l s where chromosomal domains were w e l l r e s o l v e d . Q u a n t i t a t i v e 
e v a l u a t i o n o f chromosome e q u i v a l e n t s i n d i c a t e d h i g h l y concordant numbers f o r i n t e r p h a s e 
versus metaphase ( n o t shown). We analyzed t h e chromosomal dosage i n both glioma l i n e s 
r e l a t i v e t o t h e i r s t a t u s o f ( p s e u d o ) p l o i d y . A c c o r d i n g l y , an i n c r e a s e o r a decrease o f the 
chromosome copy number o f 4 i n t h e p s e u d o t e t r a p l o i d l i n e TC593 ( o r 3 i n t h e p s e u d o t r i p l o i d 
l i n e TC620) was co n s i d e r e d an o v e r r e p r e s e n t a t i o n or u n d e r r e p r e s e n a t a t i o n , r e s p e c t i v e l y . I n 
s p i t e o f t h e f a c t t h a t both glioma l i n e s have been passaged i n v i t r o f o r many y e a r s , an 
u n d e r r e p r e s e n t a t i o n o f chromosome 22 and an o v e r r e p r e s e n t a t i o n o f chromosome 7 
( s p e c i f i c a l l y 7p) were observed. These o b s e r v a t i o n s agree w i t h p r e v i o u s s t u d i e s on 
gliomas . I n a d d i t i o n , sequences o f chromosome 4 were a l s o found t o be und e r r e p r e s e n t e d , 
e s p e c i a l l y i n TC593. These analyses i n d i c a t e t h e power o f these methods f o r p i n p o i n t i n g 
chromosome segments t h a t are a l t e r e d i n s p e c i f i c types o f tumors. A d d i t i o n a l d e t a i l s o f 
t h e k a r y o t y p i c a n a l y s i s o f these glioma c e l l s are presented by Cremer e t a l . ( r e f . 1 0). I n 
summary, our r e s u l t s demonstrate t h a t chromosome s p e c i f i c DNA probes can be a p p l i e d 
s u c c e s s f u l l y t o tumor c e l l c y t o g e n e t i c s and p r e n a t a l d i a g n o s i s . 
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